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Short Neves Corvo presentation 
Neves Corvo is the most important mine (past and present) of Iberian Pyrite Belt (IPB) which in turn is the biggest 
metallogenic province of V M S deposits in the World. Neves Corvo was discovered in 1977, started operations in 1988 with 
S O M I N C O R and since then has been the first Copper and Tin producer in Europe. The two main differences f rom other 
deposits in IPB are the high-grade Cu ores (with large volumes with more then 20 % Cu, mainly in chalcopyrite but also in 
tennantite-tetraedrite) and the abundance and grades of the Tin ores (locally with metric blocks of almost pure cassiterite). 
Sample petrography 
Samples f rom location 1 (stope C 780 3B 01 at Corvo orebody): the quartz is intensely intergrowth with the sulphide. The 
original S„ plane is preserved. Quartz dimension range f rom 1 to 10 mm. Cathodoluminescense (CL) observations, kindly 
performed by Jens Gotze (Freiberg, Techniche Universität), show three quartz types. One has ephemeral blue CL, another has 
yellow CL; this type shows fragments of growth zones. The third quartz recognized in CL has brown CL. However , it is 
difficult to establish criteria to know the order of crystallization of these quartz , even by CL. 
Another interesting petrographic characteristic is the existence of both pyrite and chalcopyrite in growth zones of small 
euhedral quartz ( - 0 , 5 mm). W e could also observe an incipient recrystallization recognized by a clearing of small parts of the 
border of some quartz grains, normally in contact with chalcopyrite. 
Sample f rom zone 2 (borehole N L 28 at Lombador orebody) is very different f rom the precedent mainly because 
chalcopyrite is almost absent. There are no visible orientation at the hand-specimen scale or even microscopically. In this 
samples two very different quartz can be distinguished. One (type 2A), presumably the first, could be interpreted as micro 
conduits around 2 mm in diameter. This quartz reminds that described by Vanko et al. (1991) "small millimetre scale vugs and 
irregular tubules that are 1 mm across. ..some of this tubules...are filled completely with quartz:". Also Gaspar (1996) shows 
photos f rom Neves Corvo massive ores interpreted as parts of chimneys or micro channels of (sulphide) feed. Another type of 
quartz (2B), that occurs some meters below, seems to fill spaces in the pyrite matrix. It is interconnected with thin fractures. 
This quartz is hyaline and not milky like the previous mentioned quartz type. 
Sample f rom zone 3 (stope N 789 IB 02 at Neves orebody) is a quartz- rich barren massive sulphide (ME, sub-economic 
ore). The planar orientation, although visible, is less obvious than samples f rom Corvo. Quartz looks like a cement . The quartz 
C L is exclusively bright yellow, what suggests only one quartz generation (Gotze, personal communicat ion) . Textural 
relationship suggests that this quartz is coeval with the sulphides. Quartz dimensions are minor than in the samples f rom the 
other locations. The majori ty are around 50 fim; larger grains attend 0.8 mm. 
Fluid inclusion (FI) types 
Two main types of f luids could be observed in the samples: (1)- Low salinity aqueous fluids (Lw) represented by biphasic 
fluid inclusions with Flw between 0,7 and 0,9. (2)- Aqueous-carbonic fluids (Lw-c) that often form clathrates on cooling. 
These FI have Flw between 0.4 and 0.9 with an average around 0.7. 
In sample 1 there are L w fluids that are normally randomly distributed in the crystals. The Lw-c fluids also occur and are 
of ten placed along intercrystalline boundaries. However , few of them also occur in growth zones. The Lw-c FI that does not 
form visible clathrates could be a transition type to Lw. Sample 2 has also both types of FI with the Lw-c fluids practically 
detected only by Raman (which denotes a very weak gas content). A third type of fluid only observed in one sample f rom 2B 
quartz is a hvpersaline fluid composed by water (liquid + vapour) plus a cubic solid phase presumably halite. These inclusions 
have Flw = 0.9. Crystals in the neighbourhood of these fluids show typical L w fluids. Sample 3 has f ew FI. They are L w with 
typically Flw = 0.9. They of ten seem placed along intracrystalline trails. 
Microthermometric and Raman results 
The measured temperatures were: temperature of last ice melting (Tml) , temperature of clathrate melt ing (TmC) 
temperature of final homogenisat ion (TH). First melting was always difficult to observe because of the small d imensions of the 
FI (frequently less than 10 pirn) and because it is a sluggish process. All T H were in the liquid phase. 
The overall assemblage of the fluids in samples f rom massive cupriferous ore of Corvo orebody shows Tml between - 4 . 8 ° 
and - 1 . 7 °C. According to FI occurrence of type I (groups, intracrystalline and along growth zones), type II (intercrystalline) 
and type III (transgranular) the average microthermometric results (Tml , TH) were, respectively: I: -2.5 °C, 241 °C; II: -2.3 °C, 
309 °C and III: -3.7 °C, 247 °C. T m C were measured in eight FI ( f rom groups and intercrystalline settings) and range between 
5.8 °C and 12.5 with the mode around 12.0 °C. The quartz f rom micro channels of sample 2A shows both types of FI although 
the Lw-c only revealed gases in Raman analysis. Tml were in the range [-2.3, -3.2] °C and T H between [189, 310] °C (average 
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2 4 2 °C, n =18) . Quar t z f r o m hya l ine n o d u l e s in sample 2 B s h o w s two ma in FI types of o c c u r r e n c e : I: g r o u p s or i so la ted ) and II 
( t ransgranular ) . Firs t type has T m l b e t w e e n [ -1 .4 , -2 .2] "C (av. - 2 . 0 °C) and T H b e t w e e n 160 ° and 2 2 2 °C (av. 182 °C) . 
T r a n s g r a n u l a r FI has T m l b e t w e e n [ -1 .8 , -2 .1 ] °C (av. - 1 . 9 °C) and T H b e t w e e n [140 , 176] °C (av. 154 °C) . L w - s f l u i d s s h o w s 
f i rs t ly vapour d i s a p p e a r a n c e b e t w e e n 95° and 110 °C (av. 104 °C, n =6) and s e c o n d l y sol id d i s s o l u t i o n ( a l so f ina l 
h o m o g e n i s a t i o n ) in the small interval [165 , 168] °C (av. 167 °C, n =6) . S a m p l e of M E o re f r o m N e v e s o r e b o d y , o n l y w i t h L w 
f lu ids , has T m l in the interval [ -1 .4 , -2 .6] °C, (av. - 2 . 2 °C, n = 1 4 ) and T H in the r ange [156 , 186] °C (av. 172, n = 4 ) . 
V e r y recen t ly (Feb rua ry 2 0 0 3 ) quan t i t a t ive R a m a n ana lyse s f r o m three of the a n a l y s e d i nc lu s ions r e v e a l e d vo la t i l e p h a s e 
c o m p o s i t i o n s m u c h r icher in m e t h a n e than in all o ther l i thologies in the mine . C H 4 r a n g e s f r o m 6 3 to 8 0 % o f the vo la t i l e 
phase . S imi la r f igures were a l ready p red ic ted b y M o u r a (2003 ) based o n the re la t ive C H 4 and C 0 2 R a m a n p e a k o b s e r v a t i o n s . 
N 2 and H 2 S were o b s e r v e d in f e w inc lus ions and in t race a m o u n t s . It is impor tan t to no t e that the m a i n o c c u r r e n c e of the H 2 0 -
C H » - C 0 2 - N a C l f lu ids is concen t ra t ed in the in tercrys ta l l ine f lu ids , which a l so has the h ighes t T H ' s . 
Temperature, salinity and gas variations 
T e m p e r a t u r e p robab ly represen ts m o r e than o n e e p i s o d e of o re fo rma t ion . T h e f i rs t e p i s o d e c o u l d be r e p r e s e n t e d b y a m o d e 
a round 160 °C and re spons ib le for pyr i te + qua r t z depos i t ion . T h e second t e m p e r a t u r e in terva l r a n g e s b e t w e e n 230° - 2 6 0 °C 
and p robab ly was r e spons ib le for the quar tz + cha lcopyr i t e a s s e m b l a g e . A hot ter f lu id ( 2 8 0 ° - 3 7 0 °C) w a s i n t r o d u c e d later a s the 
cor re la t ive f luid inc lus ions a re in tercrys ta l l ine b e t w e e n quar tz c rys ta ls . T h i s e v e n t m a y h a v e b e e n r e s p o n s i b l e f o r the 
in t roduc t ion of mos t of the cha lcopyr i t e a s it only o c c u r s in the c u p r i f e r o u s m a s s i v e o re . A last e p i s o d e r e p r e s e n t e d by 
t r ansgranu la r inc lus ions wi th T H a round 160 °C could be r e spons ib le for the c lo se of t he h y d r o t h e r m a l cyc l e . T h i s g e n e r a l 
t rend represen ts the c lass ical no rmal hyd ro the rma l t e m p e r a t u r e t rend for V M S depos i t s d e s c r i b e d by m a n y a u t h o r s e l s e w h e r e 
and at N e v e s C o r v o by the f o r m e r m i n e minera log is t P i n t o in his M S c thes is (P in to , 1999) . 
Sal in i ty var ia t ions a re not s ign i f ican t . All the inc lus ions have sal ini ty b e t w e e n s e a w a t e r sa l in i ty (3 .2 % w t . e q . N a C l ) a n d 
less then tw ice this va lue . T h e p rev ious ly men t ioned L w + s f lu ids has - 30 .4 % w t . e q . N a C l . 
Fluid compositions 
Cons ide r ing that N a C l is the un ique salt in solut ion, the L w f lu ids h a v e a v e r a g e c o m p o s i t i o n s b e t w e e n 9 9 . 0 % H 2 0 + 1.0 % 
NaCl and 98 .1 % H 2 0 + 1.9 % N a C l . T h e hypersa l ine fluids have c o m p o s i t i o n s a r o u n d 88.1 % H 2 0 + 11.9 % N a C l . T h e 
f o l l o w i n g range o n global c o m p o s i t i o n w a s es t imated for the a q u e o u s - c a r b o n i c fluids: 
H 2 0 C 0 2 C H 4 N a l c r 
L o w e r - H i g h e r gas con ten t 0 . 9 4 3 - 0 . 8 7 4 0 . 0 1 2 - 0 . 0 5 0 0 . 0 1 3 - 0 . 0 6 5 0 . 0 1 5 - 0 . 0 0 5 0 . 0 1 5 - 0 . 0 0 5 
Conclusions 
A s far as we k n o w this is the first f lu id inc lus ion s tudy of IPB mass ive su lph ide ores . T h e s t u d y of FI in m i n e r a l s f r o m 
mass ive su lph ide o res is not easy b e c a u s e of the rarity of a d e q u a t e minera l s . Neve r the l e s s , in this c a s e it w a s pos s ib l e to co l lec t 
rare and impor tan t s amp le s that s h o w qua r t z in t imately in t e rg row with the su lph ide p h a s e s . T e x t u r e s sugges t tha t bo th m i n e r a l s 
g r e w toge ther . 
T h e m o r e widespread fluid is an a q u e o u s low sal ini ty f lu id . Ano the r f r equen t fluid is a H 2 0 - C H 4 - C 0 2 - N a C I l o w - d e n s i t y 
fluid with h igher T H values. T h e or igin of this f luid c o u l d have been reac t ions b e t w e e n wa te r and o r g a n i c m a t t e r - b e a r i n g 
m e t a s e d i m e n t s that under l ie N e v e s C o r v o ores . A volat i le m a g m a t i c con t r ibu t ion is un l ike ly in this c a s e d u e to s t rong m e t h a n e 
par t ic ipa t ion . T h e fluids were p r o b a b l y e n t r a p p e d in the h o m o g e n e o u s f ie ld b e c a u s e all the h o m o g e n i s a t i o n s a r e in t he l iqu id 
phase . W e have es t imated a m i n i m u m o c e a n depth a round - 2 0 0 0 m based o n T - P cons t r a in s of t he h ighe r T H f o u n d . H o w e v e r 
as s o m e of the FI wi th highest T H has C 0 2 + CH» the s e a w a t e r c o l u m n w a s p r o b a b l y b e t w e e n 3 and 4 k m . 
T h e quar tz f r o m the s tudied s a m p l e s is mos t p robab ly hydro the rma l v o l c a n o g e n i c in or ig in . It m u s t h a v e b e e n p r e s e r v e d 
f r o m d e f o r m a t i o n by m e a n s of cont ras t duct i l i ty b e t w e e n h u g e su lph ide masses and mi l l ime t r i c c o n c e n t r a t i o n s of q u a r t z i n s ide 
them. T h e fluids are ident ical in t e rms of c o m p o s i t i o n and t empera tu re s to the p r i m a r y fluids o b s e r v e d b y A l m o d o v a r et al. 
(1998) , T o s c a n o et al. (1997a ,b ) and S a n c h e z - E s p a ñ a et al. (2000 , 2002 ) , N e h l i g et al. ( 1 9 9 8 ) a n d I n v e r n ó et al. ( 2 0 0 0 ) . 
H o w e v e r in general the sal ini t ies a re m o r e restrict . Occas iona l phase separa t ion at dep th and at superc r i t i ca l c o n d i t i o n s w a s the 
p r o b a b l e cause fo r the ex i s t ence of the b r ine fluids. 
References 
ALMODÓVAR, ET AL. (1998) : M i n e r a l i u m Depos i t a , 33 : 111-136. 
GASPAR, O. (1996) : Es tud . No tas T r a b . Inst. Geo l . Min . , Po r tuga l . 38 : 3 - 1 9 5 . 
INVERNO ETAL. (2000) : C O D E S Sp. Publ . , Vol . 3, P r o g r a m and Abs t rac t s , p. 9 9 - 1 0 1 . 
MOURA, A. (2003) : P h D thesis . P o r t o Univers i ty , Por tuga l (in Por tuguese) . 
NEHLIG ET AL. (1998) : M i n e r a l i u m Depos i t a , 33 : 137-149. 
PINTO, A. (1999) : M S c thesis , L i s b o n Un ive r s i t y , Por tuga l , (in Portuguese). 
SÁNCHEZ-ESPAÑA ETAL. (2000) : Appl . G e o c h e m . , 15: 1265-1290 . 
SÁNCHEZ-ESPAÑA ET AL. (2000) : M i n e r a l i u m Depos i t a ( acep ted for pub l ica t ion) 
TOSCANO ETAL. (1997a) : Geogace t a , 21: 2 1 1 - 2 1 4 . 
TOSCANO ETAL. (1997b) : S E G ' 9 7 C o n f e r e n c e , p. 101. L i s b o n Sc ience Facu l ty , Po r tuga l . 
VANKOETAL. (1991) : C a n a d i a n Mine r . , 29 : 4 5 3 - 4 6 0 . 
132 
